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(54) PHASE TRACKING CIRCUIT FOR MULTICARRIER MODULATION SIGNAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a circuit 
which separately corrects the phase rotation 
detection of phase noise and which suppresses 
deterioration by permitting separate correction 
means to correct stationary phase rotation due to 
a residual carrier frequency error occurred by an 
automatic frequency control means and to correct 
phase rotation due to phase noise. 
SOLUTION: A pilot sub-carrier extraction circuit 
207 extracts a pilot sub- carrier signal s208 and 
outputs a sub-carrier signal s207 except for a 
pilot sub- carrier signal s208. A phase rotation 
detection circuit 208 detects a phase rotation 
signal s209 due to phase noise. Weighting can be 
executed by using channel transmission functions 
for the respective sub-carriers, which are 
estimated by a channel equalizing circuit 203. A 
phase correction circuit 209 corrects phase 
rotation quantity duet to phase noise by using the 

phase rotation signal s209 with respect to the sub-carrier signal s207 and outputs a 
phase correction signal s2010. A judgment circuit 2010 judges data in accordance with a 
signal point from a threshold and outputs data s201 1. 
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* NOTICES * 

JFO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2 shows the word which can not be translated. 
3.1n the drawings, any words are not translated, . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] • 

[Field of the Invention] This invention relates to'the phase tracking circuit which amends the phase 
rotation by the residual carrier frequency error produced in the automatic-frequency-control (AFC) section 
especially in this demodulator, and the phase rotation by the phase noise added in the case of frequency 
conversion between transceiver machines about the demodulator for multi-carriers used for a digital radio 
communications system. 
[0002] 

[Description of the Prior Art] A multi-carrier strange recovery method is a method which caiTies out an 
information transmission using two or more subcaniers. An input data signal is modulated by 16QAM 
(Quadrature amplitude modulation) etc. for every subcarrier. The rectangular cross multi-carrier 
modulation technique which has the frequency of each subcarrier in orthogonality relation in this multi- 
carrier modulation technique is also called an orthogonal frequency division multiplex (OFDM:0 
rthogonal frequency division multiple;^ing) modulation technique, and package generation is carried out 
using a reverse fast-Fourier-transform (Inverse fast Fourier transform) circuit. Frequency conversion of 
this signal is carried out to a subcarrier band, and it is transmitted from a transmitting antenna. In a 
receiver, frequency conversion of the carrier signal which received is carried out to a **-SUBANDO 
signal. Then, it is inputted into an AD converter (Analog to digital converter), and is outputted as digital 
baseband signaling, and processing of an OFDM recovery etc. is performed. 
[(X)03] A phase noise joins an input signal -in the case of frequency-conversion actuation with such a 
transceiver vessel. Although it is possible. to ^tpp using automatic frequency control (AFC) about a carrier 
frequency error, a residual carrier frequency error arises by AFC. By the method which uses the M values 
QAM, such as 16QAM suitable for improvement in the speed of transmission speed, for a subcarrier 
modulation, in order to perform the data judging of a receiving symbol on the basis of an absolute phase 
in the case of a recovery, the phase rotation by. the residual carrier frequency error or the phase noise leads 
to the increment in an error rate. The phase tracking circuit which amends by transmitting the pilot 
subcairier signal which is known as an amendment circuit to these phase rotations, and a receiver 
detecting the phase rotation of a pilot subcarrier is common. The block diagram of the conventional phase 
tracking circuit is shown in drawin g 8 . In the conventional phase tracking circuit, phase tracking is 
performed to the subcarrier signal after channel identification using a pilot subcarrier. Actuation of the 
phase tracking circuit shown in drawin g 8 is shown below. In AFC circuit 1, amendment of the cairier 
frequency error of a receiving OFDM signal is performed. Then, the time domain OFDM input signal si 
is inputted into the FFT circuit 2, and an OFDWi package recovery is performed. Each subcarrier signal s2 
by which the OFDM recovery was cariied oiit is inputted into the channel equalizing circuit 3, presumes 
the transfer function of each channel produced in the multi-pass transmission line, and performs channel 
identification for every subcarrier. Moreover, the channel transfer function for every subcarrier detected in 
the channel equalizing circuit can also be used for weighting actuation of each pilot subcarrier signal in 
the case of phase rotation detection. It. is divided into the pilot subcarrier signal s4 and subcarrier signals 
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s9 other than a pilot subcarrier signal to the channel identification signal s3 in the pilot subcarrier extract 
circuit 4. In the phase rotation detector 6, the phase rotation s6 for every pilot subcarrier is detected using 
the pilot day evening signal s5 memorized to- the pilot subcarrier signal s4 in the pilot data signal store 
circuit 5. In the phase rotation average circuit 7, the phase rotation s7 per [ which averaged the phase 
rotation detected for evei*y pilot subcarrier ] lOFDM symbol is detected. The effect of thermal noise is 
pressed down by perfonning equalization actuation of the direction of time amount over two or more 
OFDM symbols in a filter 8, and the phase rotation s8 by the residual carrier frequency error and the 
phase noise is extracted. Then, in phaise compensator 9, the deed phase correction signal slO is outputted 
for amendment of a phase rotation to' the -subparrier signal s9 using the extracted phase rotation s8. The 
judgment of data is performed in the judgment circuit 10, and data SI 1 are outputted. 
[0(X)4] As explained above, in the phase tracking circuit shown in drawin g 8 , detection of the phase 
rotation by the residual carrier frequency and the phase noise and phase correction are performed. It 
becomes possible to use for the modulation .technique of a subcarrier the modulation technique to which 
the synchronous detection was suitable for improvement in the speed like the indispensable M value QAM 
by using such a phase tracking circuit. 
[0005] \ . . . 

[Problem(s) to be Solved by the Invention] Since a residual carrier frequency error and a phase noise exist 
by the M value QAM -OFDM method which realizes high-speed transmission speed, a phase tracking 
circuit is indispensable. Although average processing was carried out in the conventional phase tracking 
circuit in order to suppress the effect.of thermalnoise and a phase noise, in case phase rotation detection 
of a residual carrier frequency errorjs performed, there is a problem which cannot detect a residual carrier 
frequency error correctly. Since the phase rotation resulting from a residual carrier frequency error turns 
into stationary phase rotation, when stationary phase rotation per one symbol is set to deltatheta, and phase 
rotation presumed is set to thetaec, and its, attention is paid only to a residual carrier frequency error, the 
phase rotation presumed is shown like (i). Here, the case. of 2 symbol averages is shown for 
simplification. 
[0006] 
[Equation 1] 

[0007] Thus, an error will remain alsoanithe^.phase. rotation presumed by average actuation. However, 
average processing is indispensable in prder to suppress the effect of thermal noise or a phase noise. 
[0008] In the conventional phase tracking circuit, since phase detection was carried out without 
distinguishing the description from which. the phase rotation resulting from a residual carrier frequency 
error and the phase rotation resulting from a phase noise differ, there was a problem on which phase 
rotation by the residual carrier frequency eri-br cannot be detected with a sufficient precision, but a packet 
error rate deteriorates. Moreover, even if a phase noise uses a big frequency oscillator by applying the 
phase tracking circuit which is excellent in a property, it becomes possible to suppress degradation of an 
error rate. 

[0009] In this invention, this problem is solved and it aims at offering the phase tracking circuit which 
suppressed degradation by the residual carrier frequency error which is a stationary phase rotation, and 
performing separately phase rotation , detectipn-.amendment. of the phase noise which is fluctuation of a 
phase. ...... 

[0010] 

[Means for Solving the Problem] It was a problem that degradation is [ like ] large when a phase tracking 
circuit is used, since [ which was mentioned above ] phase detection amendment was carried out without 
distinguishing a residual carrier frequency error and the description of a phase noise with the configuration 
of the conventional phase tracking circuit. . : 

(001 1] In this invention, it amends first by detecting the stationary phase rotation by the residual carrier 
frequency error for every OFDM symbol using each pilot subcarrier. Then, detection and amendment are 
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performed about the phase rotation by: the phase noise. Thus, the problem mentioned above by carrying 
out detection amendment of the phase rotation resulting from a residual carrier frequency error and a 
phase noise according to an individual is solved. 

[0012] The concrete actuation of the phase tracking circuit for multi -carriers of this invention is as 
follows. In the phase tracking circuit of this invention, in order to perform amendment by stationary phase 
rotation first, an accumulation phase rotation as shown in a formula (2) is used for detection of the 
stationary value, 
[0013] 

[Equation 2] ' 
(2) 

[0014] However, n shows the number of, symbols of the reception OFDM which performs phase 
correction, thetai shows the phase rotation per iOFDM symbol, and thetaaccum shows an accumulation 
phase rotation. 

[0015] Then, a division operation as shown in a formula (3) is performed, and stationary phase rotation 

thetae per each symbol is detected. 

[0016] - > 

[Equation 3] 

[0017] Since stationary phase rotation detection is performed here using the phase rotation in the receiving 
nOFDM symbol time as which phase correction is performed as shown in a formula (3), there is no 
processing delay of an OFDM symbol unit, and phase detection amendment is possible. On the other 
hand, the time amount of number OFDM symbol extent is taken to stabilize the detected stationary phase 
rotation,, when the level of thermal noise is large.. In this case, a phase correction method is changed in the 
data division of the head section of a packet until an output is stabilized, and data divisions other than the 
head section of a packet. Explanation of . this actuation is shown in drawin g 1. . In the packet head section, 
it detects without distinguishing a residual carrier frequency error and a phase noise using the same 
method as the conventional technique, and phase rotation is amended. The detection phase rotation used 
for phase correction after the number OFDM symbol time amount by which the detected stationary phase 
rotation was stabilized is changed to the phase rotation which was able to be obtained from this invention. 
A filter is used after amendment of the phase rotation resulting from a phase noise, therefore a residual 
carrier frequency error, fluctuation of the phase l)y the phase noise is extracted, and phase rotation is 
amended. ^ . . ^' - - • 

[0018] As mentioned above, in this invention, after amending the phase rotation by the residual carrier 
frequency error, the phase rotation detection by the residual carrier frequency error which was a problem 
can amend exactly by the ability realizing with a sufficient precision with the conventional technique by 
amending the phase rotation by the phasQ noise. Moreover, in taking time amount for the level of thermal 
noise to be large and to stabilize an accumulation phase rotation, it does not produce degradation resulting 
from the initial value of the stationary phase rptation detected in order that only the data division of the 
head section of a packet might perform phase spin compensation by the conventional technique being 
unstable. Since this method uses an accumulation phase rotation for amendment of a residual carrier 
frequency error, it is equipped with the property suitable for a packet signal with a long data length. 
Moreover, in detection of the stationary phase rotation by the residual carrier frequency error, since the 
phase rotation to this time is used, the procesising delay of an OFDM symbol unit is not produced. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of the phase tracking circuit for multi-carriers by 
claim 1 is shown in drawin g 3 . The gestalt of this operation shows the case where it applies to the method 
which detects a phase rotation using the pilot subcarrier inserted for every OFDM symbol as shown in the 
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model Fig. of the transmitting spectrum shown in drawin g 2 . 

[0020] The actuation of the gestalt of operation is as follows. In AFC circuit 201, as for a receiving 
OFDM signal, amendment of the carrier frequency error of an input signal is performed. Then, the time 
domain OFDM input signal s201 is inputted into the FFT circuit 202, and an OFDM recovery is 
performed. Each subcarrier signal s202 by which the OFDM recovery was carried out is inputted into the 
channel equalizing circuit 203, and channel identification is performed using the channel transfer function 
for every presumed subcarrier. The channel transfer function for every subcarrier detected in the channel 
equalizing circuit can also be used for weighting actuation of each pilot subcarrier signal here in the case 
of phase rotation detection. The draw:'oftthe[ pilot ^subcarrier signal s204 is performed to the channel 
identification signal s203 in the pilot subcarrier' selection output circuit 204. In the stationary phase 
ratation detector 205, the phase rotation signal s2p5 is detected from the pilot subcarrier signal s204. It is 
also possible to perform weighting using the channel transfer function for every subcarrier presumed in 
the channel equalizing circuit in that case. In phase compensator 206, the deed phase correction signal 
s206 is outputted for amendment of a:stationary.phase rotation using this detected phase rotation signal 

s205. 

[0021] As mentioned above, the pilot sulx^araer selection output circuit 204, the stationary phase rotation 
detector 205, and phase compensator 206 are just going to consider as the description of the phase 
tracking circuit for multi-carriers of this inventiqn, and the .1st extract means of claim 1, a stationary phase 
rotation detection means, and the 1st phase correction means are supported, respectively. 
[0022] Next, phase rotation by the phase. npispj's amended succeedingly. First, the pilot subcarrier signal 
s208 is exti-acted in the pilot subcarrier extract circuit 207. On the other hand, subcarrier signals s207 
other than a pilot subcarrier are also doubled and outputted. In the phase rotation detector 208, the phase 
rotation signal s209 by the phase noise is detected. It is also possible to perform weighting using the 
channel transfer function for every subcarrier presumed in the channel equalizing circuit in that case. In 
phase compensator 209, the phase rotation by the phase, noise is amended using s209 to the subcarrier 
signal s207, and the phase correction signal s20r0 is outputted. 

[0023] Finally, in the judgment circuit 2010, .the judgment of data is performed according to the signal 
point from a threshold, and data s201 1 are outputted. 

[0024] The gestalt of operation of the phase tracking circuit for multi-carriers by claim 2 is shown in 
drawinj^ 4 . In addition, the circuit constituted from drawing 4 by 306,307,308,309 and 3010 is equivalent 
to the stationary phase rotation detector 205 of dravying 3 , and the circuit constituted by 3012, 30 i 3, and 
3014 of drawing 4 is equivalent to the phase rotation detector 208 of drawing 3 . The gestalt of this 
operation shows the case where it applies to the 'method which detects a phase rotation using the pilot 
subcarrier inserted for every OFDM symbol as shown in the model Fig. of the transmitting spectrum 
shown in drawing 2 . 

[0025] The actuation of the gestalt of operation is as follows. In AFC circuit 301, as for a receiving 
OFDM signal, amendment of the cgirier frequency ^rror of an input signal is performed. Then, the time 
domain OFDM input signal s301 is.mputted into the FFT circuit 302, and an OFDM recovery is 
performed. Each subcarrier signal s302 by vyliich the OFDM recovery was carried out is inputted into the 
channel equalizing circuit 303, and channel identification is performed using the channel transfer function 
for every presumed subcarrier. The channel transfer function for every subcarrier detected in the channel 
equalizing circuit can also be used for weighting actuation of each pilot subcarrier signal here in the case 
of phase rotation detection. The draw of the pilot subcarrier signal s304 is performed to the channel 
identification signal s303 in the pilot subcarrier selection output circuit 304. In the phase rotation detector 
307, the phase rotation s306 for every, subcarrier is detected using the pilot data signal s305 memorized to 
the pilot subcarrier signal s304 in the pilot data signal store circuit 306. In the phase rotation average 
circuit 308, the average phase rotation s307. which averaged the phase of the pilot sign in lOFDM symbol 
is detected. It is also possible to perform weighting using, the channel transfer function for every subcairier 
presumed in the channel equalizing circuit in that case.- Then, in the accumulation phase rotation detector 
309, it integrates with a phase rotation by considering the average phase rotation signal s307 as an input. 
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and the accumulation phase rotation signal s308ns outputted. In the division circuit 3010, a division 
operation detects the phase rotation s309 for every symbol based on the accumulation phase rotation 
signal s308. In phase compensator 305, phase "spin compensation is performed using the phase rotation 
signal s309 to the channel identification signal s303, 

[0026] As mentioned above, the pilot subcarrier selection output circuit 304, the phase rotation detector 
307, the phase rotation average circuit 308, the accumulation phase rotation detector 309^ the division 
circuit 3010, and phase compensator 305 are just going to consider as the description of the phase tracking 
circuit for multi -carriers of this invention. • 

[0027] Next, phase rotation by the phase.:noise is amended succeedingly. First, the pilot subcairier signal 
s3012 is extracted in the pilot subcarrier extract circuit 301 1. On the other hand, subcarrier signals s301 1 
other than a pilot subcarrier are also doubled and outputted. In the phase rotation detector 3012, the phase 
rotation s3013 by the phase noise is detected tusing the pilot data signal s305. In the phase rotation average 
circuit 3013, the average phase rotation s30 14, within lOFDM symbol is detected after that. It is also 
possible to perform weighting using, the ghannel transfer function for every subcarrier presumed in the 
channel equalizing circuit in that case. With a filter 3014, the phase rotation signal s3015 according 
equalization processing of the direction of time amount covering a number OFDM symbol to a deed phase 
noise is extracted. In phase compensator 3015, the phase rotation by the phase noise is amended using 
s3015 to the subcarrier signal s301 U and the phase correction signal s3016 is outputted. 
[0028] Finally, in the judgment circuit 30 16, the judgment of data is performed according to the signal 
point from a threshold, and data s3Q.17,are.9utpjLitted. , 

[0029] The gestalt of operation of the:'phase tracking circuit for multi-carriers by claim 3 is shown in 
drawin g 5 . The gestalt of this operation shows the case where it applies to the method which detects a 
phase rotation using the pilot subcarrier inserted for- every Oro symbol as shown in the model Fig. of . 
the transmitting spectrum shown in draw ing; 2 ! Moreover, the gestalt of this operation shows the case 
where a phase correction method is changed .by parts for data division other than the data division of the 
head of a packet, and the head section after it. : 

[0030] The actuation of the gestalt of .operation is as follows. In AFC circuit 401, as for a receiving 
OFDM signal, amendment of the carrier frequency error of an input signal is performed. Then, the time 
domain OFDM input signal s401 is inputted into .the FFT circuit 402, and an OFDM recovery is 
performed. Each subcarrier signal s462 by whicli the OFDM recovery was carried out is inputted into the 
channel equalizing circuit 403, and channel identification is performed using the channel transfer function 
for every presumed subcarrier. The channel transfer function for every subcarrier detected in the channel 
equalizing circuit can also be used for weighting, actuation of each pilot subcarrier signal here in the case 
of phase rotation detection. In the output electronic switch 404, since processing of phase spin 
compensation which is different in parts other than the head section of a packet and the packet head 
section is performed, a channeridentificatiOni signal' is changed, and the packet head section signal s406 
and signals s409 other than the packet head section are outputted. On the other hand, the draw of the pilot 
subcarrier signal s404 is performed to the channel identification signal s403 in the pilot subcan'ier 
selection output circuit 405. In the phase rotation detector 406, the phase rotation s405 is detected using 
the pilot subcarrier signal s404. It is also possible tp perform weighting using the channel transfer function 
for every subcarrier presumed in the channel equalipng circuit in that case. 
[0031] To the phase correction of the .packet head section,, the deed phase correction signal s407 is 
outputted for amendment of the phase rotation, to the packet head section signal s406 in phase 
compensator 407 using s405. 

[0032] On the other hand, to the amendment to amendment. of the signal after the packet head section, the 
phase rotation signal s408 is detected from the pilot subcarrier signal s404 in the stationary phase rotation 
detector 408. It is also possible to perform NyeiEhting using the channel transfer function for every 
subcarrier presumed in the channel equalizing\circuit in that case. In phase compensator 409, stationary 
phase rotation is amended using the phase rotation signal s408 to the packet signal s409 after the packet 
head section. 
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[0033] As mentioned above, the output electronic switch 404, the pilot subcarrier selection output circuit 
405, the phase rotation detector 406, phase compensator 407, the stationary phase rotation detector 408, 
and phase compensator 409 are just going to consider as the description of the phase tracking circuit for 
multi-carriers of this invention. The change means of claim 3, the. 1st extract means, the 1st phase rotation 
detection means, the 1st phase correction means, a stationary phase rotation detection means, and the 2nd 
phase correction means are supported, respectively. 

[0034] By packet signals other than the head section, phase rotation by the phase noise is amended 
succeedingly. First, the pilot subcarrier signal s401 1 is extracted in the pilot subcarrier extract circuit 
4010. On the other hand, subcarrier signals s4012 other than a pilot subcarrier are also doubled and 
outputted. In the phase rotation detector 401 1, the phase rotation s4013 by the phase noise is detected. It is 
also possible to perform weighting using the channel transfer function for every subcarrier presumed in 
the channel equalizing circuit in that case. In phase compensator 4012, the phase rotation by the phase 
noise is amended using s4013 to the subcarrier signal s4012. 

[0035] To the last, the signal s407 of the packet head section by which phase correction was can ied out, 
and the signal s4014 after the packet head ^section are changed and outputted, and this is made into the 
selection phase correction signal s4015 injan.i.nput electronic switch at it. In the judgment circuit 4014, the 
judgment of data is performed according to the signal point fix)m a threshold, and data s4016 are 
outputted. . : ioi: '« /li-SvVn ;: 

[0036] The gestalt of operation of the phase tracking circuit for multi -carriers by claim 4 is shown in 
drawing 6 . In addition, in drawmg^^, the.cjrciiit constituted by 106,107,108,109 is equivalent to the 
phase rotation detector 406 of drawin g 5^ thie circuit constituted by 106, 107, 108, 101 1, and 1012 of 
drawing_6 is equivalent to the stationaVy i)h^se. rotation detector 408 of drawing 5 , and the circuit 
constituted by 1015, 1016, and 1017 of dm^lbg^ is equivalent to the phase rotation detector 401 1 of 
drawin g 5 . The gestalt of this operation . s^ovys the case where it applies to the method which detects a 
phase rotation using the pilot subcarrier inserted for every OFDM symbol as shown in the model Fig. of 
the transmitting spectrum shown in drawin g 2 ; Moreover, the gestalt of this operation shows the case 
where a phase correction method is'chaogedj bif parts for data division other than the data division of the 
head of a packet as shown in claim 3,, andthe;head section:after it. 

[0037] The actuation of the gestalt of pperatibn is as follows. In AFC circuit 101, as for a receiving 
OFDM signal, amendment of the carrier freqiiency error of an input signal is performed. Then, the time 
domain OFDM input signal si 01 is inputted into the FFT circuit 102, and an OFDM recovery is 
performed. Each subcarrier signal si 02 by which the OFDM recovery was carried out is inputted into the 
channel equalizing circuit 103, and cHannef identification is performed using the channel transfer function 
for every presumed subcarrier. The Clia'nn^el transfer function for every subcarrier detected in the channel 
equalizing circuit can also be used for weighting; actuation of each pilot subcarrier signal here in the case 
of phase rotation detection. The draw.qf the/pilot subcarrier signal sl04 is performed to the channel 
identification signal sl03 in the pilot subcarrier selection output circuit 104. In the output electronic switch 

105, since processing of phase spin compensation which is; .different in parts other than the head section of 
a packet and the packet head section is.perfonhec^^^ signal is changed, and the 
packet head section signal sl09 and signals slOlO other than the packet head section are outputted. On the 
other hand, in the phase rotation detector. 107, the phase rotation sl06 for every subcarrier is detected using 
the pilot data signal sl05 memorized to the pilot subcarrier signal sl04 in the pilot data signal store circuit 

106. In the phase rotation average circuit. 108; this average phase rotation sl07 which averaged the phase 
of the pilot sign in lOFDM symbol is detected. 'It is also possible to perform weighting using the channel 
transfer function for every subcarrie^rrprejsumed in the channel equalizing circuit in that case. 

[0038] In order to use for the phase correctiop- pf the packet head section, the effect of thermal noise is 
pressed down by performing equalization actuation of the direction of time amount over two or more 
OFDM symbols using a filter 109, and a residual carrier frequency error and the filter output signal sl08 
by the phase noise are extracted. In phase^compensator 1010, the deed phase correction signal slOl 1 is 
outputted for amendment of the phase 'rotation to jthe packet head section signal si 09 using this extracted 
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filter output signal si 08. * , / 

[0039] On the other hand, to the ainendment to amendment of the signal after the packet head section, it 
integrates with a phase rotation by considering the average phase rotation signal si 07 as an input in the 
accumulation phase rotation detector 1011, and the accumulation phase rotation signal sl012 is outputted. 
In the division circuit 1012, a division operation detects the phase rotation si 01 3 for every symbol based 
on the accumulation phase rotation signal sl012; In phase compensator 1013, phase spin compensation is 
performed using the phase rotation signal sl013 to packet signal slOlO after the packet head section. 
[0040] As mentioned above, the output electrdnic switch 105, the pilot subcarrier selection output circuit 
104, the phase rotation detector lOTvth'e-phase fb^ average circuit 108, a filter 109, phase 
compensator 1010, the accumulation phase rotation detector 101 1, the division circuit 1012, and phase 
compensator 1013 are just going to consider*as the description of the phase tracking circuit for multi- 
carriers of this invention. 

[0041] By packet signals other than.thp liead ^ectign, phase rotation by the phase noise is amended 
succeedingly. First, the pilot subcarrier signal slOlS is.extracted in the pilot subcarrier extract circuit 
1014. On the other hand, subcarrier signals ^1016 other than a pilot subcarrier are also doubled and 
outputted. In the phase rotation detector 1015, phase rotation sl017 by the phase noise are detected using 
the pilot data signal sl06. In the phase rotation average circuit 1016, the average phase rotation sl018 
within lOFDM symbol is detected after that. It is also possible to perform weighting using the channel 
transfer function for every subcanrierpresumed in the channel equalizing circuit in that case. With a filter 
1017, the phase rotation signal sl019.^ccprding.^eQualization processing of the direction of time amount 
covering a number OFDM symbol to, a deed phase noise is extracted. 1018 amends the phase rotation by 
the phase noise in phase compensator using. sl019 to the subcarrier signal si 016. 
[0042] To the last, the signal si 01 1 of the packet head section by which phase correction was carried out, 
and the signal si 020 after the packet .head section are changed and outputted, and this is made into the 
selection phase correction signal sl02'i iri.an;inp^ut electiro.nic at it. In the judgment circuit 1020, the 

judgment of data is performed according to tfje signal ppiiit from a threshold, and data si 022 are 
outputted. m" : »; ' 

[0(M3] The effectiveness of the operation gestalt by the computer simulation of the phase tracking circuit 
of this invention is shown in dr awing 7 . The packet, error rate (PER) property in case a residual carrier 
frequency error and a phase noise exist is shown in drawing,. The conditions of simulation are shown in 
Table L fBW is PLL bandwidth as conditions fpr^ a phase n^^ and phi2r.m.s. shows the signal power 
ratio of a phase noise. The result of trie method which performs phase tracking only with a moving- 
average filter, without performing residual .carrier frequency error correction which is the conventional 
method because of a comparison was. also 'shown. Since it becomes impossible for a phase rotation to 
detect correctly by existence of a residual carrier frequency error when 3 symbol moving-average filter is 
used, a property deteriorates. The proposal'method hasyamended the phase rotation by the 

residual carrier frequency error. Therefore, degradation by the residual frequency error could be 
suppressed and about 0.3dB of necessary Eb/NO'has improved in PER=0.01 as compared with the case 
where the case where 2 symbol moving-average filter of the conventional method is used, and residual 
carrier frequency error correction are performed. 

[0044] As mentioned above, it turns out that highly precise residual carrier frequency error detection and 
the extract of a phase noise are attained by using* this invention, degradation of PER is suppressed, and a 
property improves. ^ " " * v.V- v ' * 

[0045] 

[Table 1] * /■ 
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[0046] .... 

[Effect of the Invention] It is possible to-become possible to raise the detection precision of phase rotation 
by adding the residual carrier frequency error correction circuit using a residual canier frequency eiror 
and the description of the phase rotation by the phase noise, and to offer a highly efficient phase tracking 
circuit in the phase tracking circuit for multi-carriers of this invention as stated above. 
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